Active filters built in air conditioners have excess distortion compensation capacity in the off-season and periods of light loads. It was assumed that this excess capacity during these periods of light loads could be used to improve the leading power factor. This paper investigates the possibility of utilizing the excess distortion compensation capacity in the automatic power factor regulator of an air conditioner with a built-in active filter to improve the leading power factor of the electric system during periods of light loads for the air conditioner such as in the offseason. As a result of this investigation and an evaluation of the results, the desired level of control was achieved for power factor improvement.
I. INTRODUCTION
Recently, prompted by global environmental issues, use of dispersed power sources, including photovoltaic generation and wind-power generation, has rapidly increased. Similarly, static capacitors (SC) are being installed in office buildings and factories for the purpose of phase modification and power factor improvement in the electric power system. These static capacitors typically have a capacity about one-third that of three-phase transformers. With the rise in inverter equipment, etc. in recent years, the average power factor for load has also improved, and this has made the leading power factor an issue, especially during intermediate periods when the air conditioner load is small. For high-voltage customers without an automatic power factor regulator installed, the power-receiving point tends to lead, irrespective of the type of business or time of year [1] . Additionally, the installation ratio of automatic power factor regulators and similar devices is reported to be only 9% with little indication of further growth. Consequently, without regulation of the power factor, voltage increases occur in the power distribution system due to the Ferranti effect, a problem of ever greater regularity recently.
Meanwhile, survey results of the Agency for Natural Resources and Energy of Japan and other sources report that commercial-use air conditioners installed in office buildings account, on average, for roughly 40% of the total power consumption for a building. In addition, some customers have installed air conditioners with built-in active filters to reduce harmonics in the electrical power supply, and the number of shipments for active filters is increasing annually. Fig.   1 shows the percentage for our company. As shown in Fig.1 , active filter shipments among domestic shipments of commercial-use air conditioners have reached nearly 30%. Also, active filters have long been the subject of interest to a large number of researchers [2] - [13] .
In the current situation in which the number of active filter shipments continue to grow every year, we believe that active filters can be further utilized. Specifically, in the off-season and during periods of light loads, the active filters built in air conditioners have excess capacity for distortion compensation, and this excess capacity can be used to improve the leading power factor at times of light loads for the air conditioners such as in the off-season. In this study, we have investigated the possibility of utilizing the excess distortion compensation capacity of the automatic power factor regulator of an air conditioner with a built-in active filter to improve the leading power factor.
II. AUTOMATIC POWER FACTOR REGULATOR BY THE AIR CONDITIONER WITH A BUILT-IN ACTIVE FILTER
The present chapter describes the results of evaluations in a scaleddown model for the system configuration of the automatic power factor regulator by the proposed air conditioner with a built-in active filter as well as for the proposed method using evaluation equipment. Fig. 3 shows the evaluation equipment of the scaled-down model that was used to evaluate the proposed system configuration. Table 1 shows the load conditions for each item of the evaluation equipment.
A. Proposed system configuration

B. Evaluation equipment
Load was set so that there is a maximum 4-to-1 ratio between air Fig. 5 shows the test results. When the proposed system configuration is not available, the active filter compensates for the reactive power of the air conditioner; therefore, the reactive power of the power-receiving point depends on the sizes of inductive load and static capacitor. Consequently, based on Fig. 5 (a) , when a light load is applied to the air conditioner, the leading reactive power supplied from the static capacitor becomes excessive, and a leading power factor of about 0.47 is generated at the power-receiving point.
C. Test results
Comparably, Fig. 5 (a) also shows that the power factor at the power-receiving point can be greatly improved to 0.9 or higher by operating the automatic power factor regulator built in an air conditioner and using the excess compensation capacity of the builtin active filter.
According to the current waveform of Fig. 5 (b) for a conventional system, the active filter only operates for controlling harmonics and improving the power factor of the air conditioner, but in the proposed system configuration, we confirmed that the compensating current of the active filter lags in order to make up for the leading power factor As shown in Fig. 6 , because the active filter in the conventional system only compensates for the harmonics of the air conditioner, the receiving end power factor changes to a lagging power factor when an inductive load is applied and to a leading power factor when the static capacitor is applied. However, in the proposed system, the active filter built in the air conditioner gradually begins to apply the power factor compensation current from just after load fluctuation, and the receiving end power factor becomes roughly 1. Even when seen for the average power factor after thirty minutes, results were attained for leading in the conventional system of 0.936 and for leading in the proposed system of up to 0.999.
III. CONCLUSION
We investigated and evaluated the possibility of utilizing the excess distortion compensation capacity of the automatic power factor regulator of an air conditioner with a built-in active filter to improve the leading power factor of the electrical system during times of light loads such as the off-season. As a result, the desired control performance of improving the power factor was obtained.
From now on, we plan to carry out field test evaluations for one year and hope to report any successful results that are obtained.
